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Expression of non-conserved regions of the S genome 4yments of three 01
hantaviruses: evaluation of the expressed polypeptides for diagnosis off
haemorrhagic fever with renal syndrome*

NI. WVang,' C. Rossi' and C. S. Sctimaljohnh* t
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l-aernorrhagic fever with renal syndrome (I-IFRS) is a differentiate between antisera to v.arious hanta~iruse bN
N __serious and often fatal disease caused by viruses in ELISA. ELISA results obtained with HE:RS patient sera
N __the Hanai-inis genus of the family Buni'aiiridae. We or with sera from naturally or experimentalls infected

expressed the entire coding region of the small (S) animals indicate that homologous antigens and antisera
___genome segments of three serologically distinct hanta- reacted to high titre. The truncated NsPs, %ere more

CDN iruses as soluble proteins in Evciwriclhia coli and specific than the complete Nl~s in distinguishing bet%% en
N evaluated the expressed nucleocapsid proteins (N Ps) as possible aetiological agents of' HERS. Our findings
~ ___antigens for diagnosis of HERS. We also prepared novel demonstrate that prokaryotic expression of portions of'

diagnostic antigens by expressing truncated genes from the NPs of specific hantaviruses can be used to generate.
w~hich we deleted amino acid coding regions that were readily and efficiently. large quantities of antigen that is
highly conserved among the three viruses. These both sensitive and specific in diagnostic. assays for
antigens were analysed for their potential to detect and H- FRS.

Introduction tential of' thle expressed nuLcleOCapsid protein t N11ý for
diagnosis of H ERS (Schnialjohn ei it.. I988 a: Ross;i et

Hantaan f HTN 1. Seoul (SF0) and Puumnala C PULi 41!.. 1990). We found that the expres;sed anticen could he
viruses are memribers of the Hawnarhws genus of' fihe used reliablN to- detect antibodies to HTN and SE()
famni l Bun vai-iihidc' and. respectively are aetiological viruses. but was not as sensitike as authentic HTN ýiruN
auents of' severe, moderate and mild forms of' haem- antizen for thle detection of' antibodiesý to [~It 1,) 7r~s
orrhuL'ic fever w~ith renal syndrome (HFRS) (Lee ei ed.. Howeveer, even authentic HIN \ I rus antlizen sonietimes
1978. 1982: Yanacihara ct i!.. 1984). H ERS IS usu~ally f'ailed to detect antibodies to Pi virus ( Rossi ci at.
acquired by exposure to aerosolized virus contained in 19ý90). Consistent wkith these findings. sequence nlse

-r thle excrement of' rodents (Lee et (ii.. 1981 a. h). HTN of' thle getinoes of a number of hantaviruses demlon-
iruises are typically transmnitted by Apodcinu.s mice i Lee strated that the structural proteins of' HTN and SE0

(,Itil.. 1981 b), SE() viruses by rats (Lee etI ud.. 1982) and viruses shared] greater amnino acid sequence hoinolog\
PUU i viruses by (Cltlrinoinmn,.is voles ( Brummner-Korven- than did those of HTN and P1.1\ iruses (.'\ntlc ci it-.

k-ontio etf a!.. 1980). In1 areas where these rodents co- 199k2).
mningle. the possibility of' Infection by more than one To improve our diagnostic capabilitiesý tor H FRS. N~c
hantav!irus exists. A Ithough hantav iruses are sero- used a prokaryotic expression systemi to Lcenerate soluble
loLeicallv related, and dliagnosis of' HERS can generally NPs of' three hantaviruses: HIN \ irus (strain 776 11,10.
be accomplished byV usine authentic HTN virus antigen. SF0 viruLs (srain SR-Il1) and Pt tt' irusý [strain CGi 1820)
such antigen is Sometimes neither sensitive enough to (originally reported asý Tkiniis 131).: StohwýaSer ct at..
identify (listantlh related hantaviruLses. nor specific 191 hs rssaerpeettv f hs nec ~
C11ough to differentiate between possible aetiologica I the three serologically distinct groups of hanaviruse,
aLcents in circulation, knowni to causefHERS. Wke also expressed trunicatedI NTs

FPrcviouslx. wec reported expression of' thle smnall (S) of these v iruses fronm acnes wke constructed b\ deleting S
genoine segmnirt of' HTN virus iii euk-arvotic cells by, segment gene regions. wkhich encode amino acid otrelches
baculo\ irus recominbiaints, and demonstrated the po- thlat are highly conserved aniong a number of' haiita-
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f'or f-1l-RS dj~~1iamsi5. L S\ xh"l it.501Iti t I\t

itt0 111 ,Il ont,'t I I' ll 'k .H "! H I I I's N l!ý. -t-'Il-
'li ttt ; ,Im \\ .I, ,..tt!;Cd w ill hll ;1_ ý 0 ; 1lllt NI j;l l pi

MIethods i5h.t!titi'ilr1 4. Is' x

thle ICUends It' ]ahlles 3 and 4, Sera, troni ep in n tal nillecied rils I,ost'hjikcu at -410' i , !t j.; I I Is, \ ic fsi ill,- 1,4,
\\et,.' Iindl\ proxided bhs Dr -1 I lrinpiple I S.-NMR1II) these scrit icilisi 1 lie I I !S \aOne nrcxpIe-set0 1- : 0 tI,
5% cre preCpared b% a sIrtgle itttrttit"IICit itf.lar Inteetiti otf lix cailh ittlIt red dilttill i Of 11 ,cl l oir \tt V)I IF Os etl t ;w h it'

rats, %%ill tie fll: x 10 in%%1c2 \iFms Is itates ii rN \irtit stai ' I N IS I ce emcli oI' Iihc it ri l 11IL31ai tl ItI pi i t',t

(r t/ aL N750 and Hob1 ROiL) jt'olaicd from t a Kireai haecniotrhlmeie Il R oe i tt
fcxci patient tSc Ititaijoti tl cif.. 19Sli. SI() krio sIrailts 1-390le leiulnr( ciitct x,'I it..I

I al., NN-'). SR-1Il isolatedI 1-1ti1 it lahtr izor% vat inl Japan (Kittitnura II a C id 1,1 it1do k
cl ill.. 1143 td and R22 [tsolaiidk fronm a tx id rat Inii ( lin (SOYnc tt2 ( o l '( i in I-I.to

Pt i iusstais Stkiio f ( i cullation ;it L Icht pritme;t nit pttuth !-rIl..,

inl ltiltn (Schintoohtt c, 411.. 195511 and C(ti1444ý jisolated titti .Lt ittt tt aliir- t'tlllItc ls xt sdI
Clrt"nine In the formter Sos ct L non tlkachenrko o ll l9s reactionj int( I pil SIte 01 t 1_\l" Iult~' i oiI

The anittials xxerc blvd 2S [:a% s iltcr ilcitu aiet'll antd citlx alcseiit sera
f'ront th1C liW atinlsll CineCh 1,rittip xere Pooled b'r Use Inl It [LISA EIllk' 11i1li tHIltith tIt, X141f CI?( ,,tt014ti I) l t it gl-\lhI

MlI-s to thle NP-,of HTN. 50L Oand Pt1 Uirtises I Ruot ill ~1 19911 conldItions1 kcr ýis desirtised 1Ox li, iTt.Ottt"l.ltel 1wt Olc I I V(
xx eve ktii dk% provsided h lr J r.1-8 NMetormnick Wt(etiters litr I )sil \,IeesxsilnlI ri O 71itl1j toa col H~ihit oc icIne `l xt \il il,: tO.;ttox~

Conirol, Ailanta. 0a.., 1S.A NPItL<tlio poct trintlt It .h tit -iiit 11Wtt 11,: dit" It,

C otis/rotliii "I ' xptrit~iin jthisortiA. Noleettltr clonting f tifl~t!. the Ixii h-pae h I\m and' tia In Ittil"%v ctetI,\ h0IW11:l.1' ý!
ocenontec seitniciti his been reported f'or ITIN \11FLs stratin '0-1S icpnctie tre.iim ut nlc. tiixnei lotic o! lint: e'pct! 'Ott 'l

prlo nem litti title ntti' ,M I,\a ,dci~k r, l,
Mnd Pt'l U iru strain COi IN20(1 rittiialIk reported ats 1-dlnis 011:1 pI ) jroteinnwith th l fnit-le Ni of Ia ts- 1( 1 'Ind re jliell kk,!ti
St ohx asser ci al. - I1991) To cons ruect plantilds f'or rise inl exisressio oilit e e xi tIitx-1) f cc ree itt t ta0tctO

hie eom plc teN Ps~. ihe entire codingi regions oft thle S geiteonle Ce-Ilents atsiig o-Rad W~ protein isii\ ktit Thle ,.iiitleic alid t ttt-Itetf N1P-
of eCrcli %ito xxl NCre nitlpfihid h. PIC-R. [on ard Prinncr.s beigan \xx th art th Oe ha~norsc ruse k' xxcr dixedlot tile I I VIpptIlde h\ ttinkl!In
li tiRE site. lolloxxed bt tile sNequenCces eotnlpleitenttlrv to tile itucl-Ilttide %%titll eniterokitase I I ig, frtsior pettelt I witlcittttcrttk'-- sc, it1-to
I- itt 5' of HI T'x iflis. and 41 to 60) of S5R- Il mId PIL ' %ruses \% ilt IN h
respect to thle 5 tertinlUs of %irtis-eont1plnicrntIarx, wset RNA. Reverse
primers al-ti begin %%titl in JtoRI site follow~ed lix sequncesCC
cortipleinent ir% to the 11iCICelctides I j()7 to I1326 For FliN x ir Os inid
1133 t 1333 ftor SR-Il Lind I' 'siue fe i'sjnxihFo . Results
tlie I'U-R prtod LIeS ks erc Ii cited ito tire E( oRI site of- the pListinid I- tAt - Co~r t~iIi-tn- oft/tii 1)10/in (/1( S .s11111 90W.\i eit

Iitmernititnal Biotechngittltest.
To express tile r-elitixel\ unitque regions of the S secgrtenis of lthe three Ox rall similarities of' thle dcduced atninlo actd siequenlces

halatitiiruses_ xxe used Iet splicinig bi overlap extension to generatte of I th ~ of' HIN versus SF0. 1-FN \er-su PtJ' and
trutncaited tettes I H orton oi-i o.. I1989). Briefll. tie txw setinet1cits Ito he

ttedxcrc anmplified hx separatie P1CRs. The last IS tuemleotides fr-ont PU- Li xersuis SF0 \ iruses arc approxima1ck IN" ",1. 6'
(tie 5 end if' the lcc~ printer for (tttc Netrneni \%ecrc tiade and 62",,, respectix-cl\ I Aniic et edI.. 19921. 1)(il tfla I rix
eintplmenientar to the tisi Is nitueleotides troin thre 3 crid ill the comparisons ol' these amino acid sequtences, hoxex cxr.
torxx rd printer of the other seniteit. thuIS thle INR producteix share rvae w ein aIwr eaIi~vuiu oec

etitupleitetittir sequnce itioi thet ends toam b heliu tone Thseino (
compemetar cqencs attil ens i) h iniick Thsc tioPCR irus W ia. I ). The first rceion xx ds loctated at thle almlno

t Itimirxxr prune to thle first seenmt and intl rexerse primer to) the secontd lermi nL u(it' each N P and the other in the carbo\ ý-
xiciitieit. A reci tt i rot iti~ prioduoct of these xxi seagitteitt %Nos amplifiedi terminal half' of' thle protein. We used PC R spl ici ng hý
Ilit he first P1CR. niucleotides 37 to '85 of' 111N %rims atid 4' ito 28'; of' ovcrlap ex tension (11 orton i el a.. 1984) it, ecncra IC
SR-1I atnd Ilt V xirtises anrd thle nitleittoides 7331 to 936 Of all three trun11cated gee olaiii!ol hs w rc ins ofI hiesiruses xxr mlfe Nprc.Onýerv pirrlle h\ agarose gelge scotingrt\the \orgo

xxee itiprled epaxielxthe -N Ps. For lIN viruis, thle trunicaTed genle encoded atvuno
electroptoresis asitr e\tractioii ýxith (icettelcan resin I 8io I (it ).
Appromiivtitlx%1 Iltt ti uf each olifi th I'R-arrplilied frae'tnetits xxas tised acids I ito 83 and 233 ito 3014. xxith respect to the amino
a. teniplatit ir the second IN TR. terminus of 'the NilP Fifi. 2). 1-or SF() and P{Ut % iruse'.

tile to ticltionlso tiflie to x t ace settinen s. X.s xýclit s tilie t it1t ions 1xi il the genes cont a ined cod ing~ inform atio 0I' or a mino acitd,-
tile plisinild l:A %.I.xcre tclified Wi micielotiule sequeitee aitil% sis I to 81 and 233 to 30)4. Tihe resutitie truncated N11,
"xxithi uideov ittileotide thtin termination reactionts usinug doubhle- C
51 ri tidd C I NA tItipla tes ýanIl SCLi ieitiseIC - ilited S~tates Bi colwiii~l diisp aN Ie amii in ac id sequetiece iden ltifies ot'6s 1111 26",,t
is pirmousk lxdescribed t (Arilkixi ca tf.. 199),t ( oiipett lIT 1-14)1 cells and 30)11,. respectixelv. f'or H TN x ersus SF.0. H IN

tC ibto) cNrc raislrm itteu ntitI each plasnid, ver-Sus P11 an Md Pt. I Ux ersits S F( viruises.
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1-i. . Te eduedamino acids of the NPs of HIN' %irus (,,train W61 18). SF0 Orsir (strain SR-Il1) an Kit' %jrtiustri 01 Ikam
%kere compared by, using the Pustell protein mnatin method and Mtac Vector Sequence antal' is soO arc)(International Hioechnologicov
The two relativel-v unique amnino, acid regions detected are indicated at the lop.

LExpressioti a(11purificauton of hwitavirus Wis hydrophi lic peptide contains a n en ler k infase c lea \age
site: thus. af-ter affinity purification of the fusion protein

A prokaryotic expression system (E,. coli. FLAG system, with at MAb specific for the 8 amino acid FLAG peptide.
International Biotech nologies) wats used to express genes treatment with enterokinase can be used to remnove these
representing the entire NP coding regions as well as the extraneous amino acids from the purified NP.
truncated genes of each virus. The polypeptides were Expression levels of the purified NP FLAG fusion
expressed as fusion proteins with an eight aimino acid proteins were estimated to be 0-5 to 1() mg '/I of bacterial
marker peptide (FLAG peptide). The additional lK culture. Both the full-length and the truncated NPs
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445tp --

OkfK

P(CR primers

SHTN 37-57 14K .
I.5' GAATTC-ATGGCAACTATGGAGGAATTA-3'

HTN 748-733 HTN 28S-270

2. 5'-TCGATACGATCACT-CCCTGTrGGATCT'G-3'

HTN 733-750

3. 5'-AGTGATCGTATCGAACAA-3' IN SM() Il t

ECtd stop HTN 936-916

4 5' GAATTC-CTA-CTCAATATCTTCAATCATGCT-3' 9-K

Fig. 2. Giene ýphcinL b. ocrlap extension of the S genome S,;egmctt of
HTN siru,. The four primers, listed, corresponding to the numbered
arrov.,, ,,ere u,cd to generate in o scparate P(R product, (PCR 11. (19K
Printer 2 n designed to include 1.5 nnecMot de: ihich arc com-
plcmcitarN to primer 3 (***). The P(R products. containing the•e
overlapping termin. , crc again am plified to create a gene ,ith coding 40K

in hormaltlion fromt the in.o separate .tmaglteuts in a ,ingle open rcading

triT11C IPCR 2).

NP• -

14K

remained soluble in aqueous solutions. Examination of
the expressed. purified proteins by PAGE and Coomassie
blue staining revealed polypeptides of the expected
apparent 11 of 48K and 17K for the complete and Fi. 3. PAGE and (oontassic blue ,taittg of the compiete .;d

truncated NP, to) ., ,oh-expressed comc plete N P , ",!-.I hi/: / pt,.
truncated NPs. respectively (Fig. 3). A band approxi- truncatcd NPi Ni,) Protmn At. marker- are in the foe Imci of each

11altey Mice the 1,. of the truncated NP (approximately figure. and approkunate 11, %alue, mre indicated

34K) was observed rouLtinely and may represent a
multimeric form of the truncated protein. Western blot
anaksis with polyclonal antisera to HTN. SEO or PUU MAb. JDOL and the PUT MAW 61304. each retained
%iruses confirmed the authenticity of these polypeptides reactivity wth their homologous truncated NP but did

WFig. 4). not recognize heterologous truncated NPs. ThL R22

MAb. ECOI. reacted wvith the truncated NPs of both
FITN and SLO viruses. In contrast. none of the NMAbr

,.In~lur'-ni" evp.es.mfl m1 ti/' r.wd \P.k tested displayed speciticity for any of the thrlme complete
NPs. although HTN MAbs, (iD04, GD05 and KDt01.

The expressed NPs of the hantaviruses were examined R22 MAbs. CDO3. DC03. .D01 and WC06. and the PILT"
for their reactivities with MAbs to the actual NPs of MAB. GB04. reacted to higher titre with homologous

1TN-. R22 and P.t ( viruses by FLISA (Table IHV The antigens than to heterologous antigens (Table I). These
majority of the epitopes recognized by the MAbs data indicate that many. but not all. cross-reacti\e
examined %ýerc no longer present in any of the truncated epitopes detectable by EI.SA \\ere removed from the
proleins. tomevcr the IITN MAb H)DOI, the R22 truncated N Ps and that each truncated NP retained at
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Table 2. EL/Sq nactuiv~iti' ot E, coli-cxprt,% Wd. 0)iu1uos rh pu'hI'Nil/ ol MCC f' * Npc oc/ % I'ý
Cnipleti£ or' tru~llcited N Is with scera In mill

expriwna/r nh~ te rtsTo ieti% ea I~te the Potenial M tile Icoipicec an1d
truncated protein,, as diaeno stic anti en. 'Or III RS, ý c

I. /t-~prs'e aitigit ceened h\ FI [SA af Panel (4 'mr t roni ratls C\-
('ollplete NTPtunae \11 Pe~i menta~ll Infected v it h x arlous han ta\ tite. scra

Scrum HT's SL0 P' it I uN SFO P t lfrom t hese amnia s reacted m t h hot h (le ci mnpletc amid
______________________- _____________ _____- ------ iruncated. homologous. ex pressed Nt-s (Table 74.ý \orc

Ilit~an spcifiCrcacilti\ - %tk. ~cre obserxed l.%ith thec i rtica ted
Th115 2' 40 10 201 M0 1

HOJ()' I ( :0 4 6) 4 N11,. Thle truncated PIA' ant igen did not reac: lt ~ilh
Solantisera to either 1{TN or SIX) ' hrs Ut did reac1 i~t h

SR- I I 2 320, NO 160 320 M ailtisera to PUL U uus. In cotrst e Obscr~ed a Lreater
X10- 3' 39'20 32(0 60)) IN i) 1 I0 111 cross-reacti\it\ %kith trUncate~d SIX) and [fiN antweni)

R22 o 80 241 0 16 1)) and antisera to [fIN or SL() \ iruses, e\cerlhelev,. IHr

So1tlikali ) l i . ~ 4 all sera tested there xý crc alI least tmol'Old urea icr
(G 14445 tO 2t) SO) 1) < I 160 reactiV ities, of homologous antigens and atiisera than11 of C

FL IA thes ae exressd a.-- eterologous antigens and antisera 0'able 2).
F. a L .S ti I r ~r sdistl reciproc il oft hQ highcsi diliut - 'of ifer

hfl~iOdI reCu111)I titýn,_ý msanofl ic in torma iserum plus." 3 4 C urre nt lN. t he most specilihe,, nw O ilr
entiation amionue hantavi ruses is, the PRVINT Schimal john
(It a/.. I 98i). We compared the speciticit, oft PRsNT ito

and PUU antisera appeared to be specific. Anti-SEO that of ['LISA xtilth the exnressed. trun1caed NP5 . 'i:
antibodies. however, reacted with both the truincated panel of antisera obtained from rats natUra~ll inticoed

HINand SLO antigen (Fitz. 3). w\ith hantaviruses. and with a panel of sera front IIFIRS

Table 3. EL/SA reaclivilies of E. coli-exj'ressecl. truncated NPs withf/ sera fr~olli
natufrallY ill'ci'ed rats aIN Cnupared to PRX T qf authenitichtarue

VL IS. * IlkNTF+

I-,' (oliexpressed atlitiget \ir-lus

Scrum! HIN' SF( Pýt) Scroc'roup -TIN SF.0 PtA. Scrogroup

I < 20 <20 < 20 <? 10 1i) <14M
2 1280 320) 20 HTN 04)) 16) ho N H TN

45 2(1 1(4240 64(0 SE0 811 640 \r SIf0
4 20( 2)) 140 Pt) L' <c I0 < 1)) I0n

320 61) 40 40 SF0 84)0 32)0 1 St ()
6 0440 256)) 4)4 SE() 4)) 128(4 N1 St ,0
7 32)) 128)) 16)) SF0-' 32)) 1218)) N I SF0
IN 12s0 5 12)i) 128)) SIF0 32)) 128)) N r St 0
) 1)0244) 10)2404 640 H IN/SF0 32)0 64)) Ni 51-0

10 IN) 1280 < 10 SF0 32)) 128)) NI SFO4
II 1 218)) 10n24) 160 SVO 0NO 64(0 N SU 0
12 12)) 102404 80 SF0 80 64)) 0i I
13 640) 6)f) 20 HTN' 120) SO Ni 1- FN

14 2560 5)20 8)) SF0 320) 118)0 Mi SI
1S 40 16)) 44) S) 4)0 1604 Ni SF 0
16 8)) 3114 4)0 St0 2)) 8)) 51 5
17 160 64)) 404 Si-( < 10 204 't: F0
is 128)) 16)0 2)G HIN' 32)) 64))0 SF()
19) 64)) 160) 2)) HIN' 8O 3204 w SF4)
20 -240 < 2))0 ) < 20 I) it) <c 10
2 I 64)) 160 -< 2)) HTN 16)) 644) N SF0'

I: L)S'A tiires scre expressed its the reciprocal ofithe highest .tiliititoi of atitiscri restitting ill.
mclati ifh 0 4W 1Oa 4e conlt rol serkmi plus 3 s~o
+ PR NI- 4itre, an: expressed as, the reciprocal o) the 0 ichesi It diuio 444leu ira ith/ii 5)) , ol 5 to

100 pfItt.
1,Serum sample, I to 10) ksere From rais !tnppc'd tit Pttitadetptiiii. Pa.. U SýA ýsamples I I it) 12

from rats 4 ia ppcd 44! H oumt . Tv. (.St.SA. iinil sam pies 13 to 2 1 From rats irapped tits BIeginut
(Vlet~ic vi al., 1984).

Ni. Not tested.
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patients. Of the 21 rat sera examined, PRNT identified treated Nith enterokinase to rmniov the extraneous. non-
tmo infections with HTN virus and 16 infections \with hantawiral portion,, of the fusion protein AlthhOugh our
S[O virus. Three of the sera (Table 3. sera I. 4 and 20) studies s\erc pcrfl'rmcd \ ith purified. entcroklinse-
did not ha\e a detectable plaque-reduction neutraliiation treated antigen. %% e have also obtained sati,f'actor\ rcsult
response to anm of the hantaviruses. Of these three sera. with uncleasCd antigen. ThuS, for routine uS,,. the
t\o of them also had no ELISA reacti\it\ to anx of the expense of etterokinae le•kasage alla no• be nec.c.ar
antigens. and tile third reacted w•ith Ihe" expressed. .All of tile proteins produced ill our situdics rClallinecd
truncated PUrr antisera b\ ELISA. suggesting ,n soluble in atqueoU solut ions. -Thews result, dtllf'r from
infection with P19U virus (Table I. serum 4). Of the those obtained b1 baculo s iruis Cxpression of t111TN NP
remairnine 18 sera. 12 were identified as SE0 virus both (Schmnfillolhn (1l al. 1l9sai and 1E ub' expreslsi on
h\ PRNT and by ELISA and one (Table 3. sL.tull ') was complete or ternlinall, truncated H-rN and Pt't NPýP
identified as a SE0 virus b\ PRNT but had the same titre (Gotit ci/.. 1991 ). In both ot thoC Ntudies, the c\prc,,ed
to HTN and SE0 by ELISA. The remaining three sera NPs formed insoluble aggregates in the c\ toplasm of
(Table 3. sera 1. 19 and 21) reacted to higher PRNT host cells, and purification required de'erienl i reaImerit
titres with SEe \ irus than with HTN virus but displayed or denaturing co;iditions. In contrast, our expre,,sed
higher ELISA titres \ith HITN virus antigen than with proteins could be purified in a single ,tep. under mild.
SE virus antigen. non-denat Uring conditions.

Of the 35 sera from HFRS patients. 15 were identified To improve the sensiii itY of the artigenis. l' c prepared
as HTN-specitic and II as PUU-specific. both by PRNT NPs by using genes representative of all three scrological
and ELISA. with the expressed truncated NPs (Table 4). groups of hanta\iruses knoiln to cause HtFRS. To
Six samples had no detectable antibodies to any of the improve the specificity of the antigens. \kc constructed
three hantaviruses either by PRNT or by ELISA. and truncated genes that contained coding information for
one sample had a very low reactivity to the HTN antigen two relativel\ unique regions of the N\P,. The resultant
by ELISA (Table 4. sample 12) but did not have a PRNT expressed pol\ peptides "sere approxinitel.\ one-third the
titre to any of the three hantaviruses. Of the remaining site of tile authentic viral N P.
two samples. one had a higher PRNT titre to HTN virus With MAbs. w\e demonstrated that each truncated NP
than to PUU virus but reacted wxith the PUU antigen in retained at least one epitope of the ho10m'ologous
ELISA more strongly than to the HTN antigen (Table 4. hantavirus. andl had ma1,1n\ cross-rei,•ti\e epitope, de-
sample 29). The other serum was identified as containing leted. The truncated NPs displased more antigcenic
antibodies to a HTN virus by PRNT but had the same specificity than did the complete NPs ss hen reacted \N ith
ELISA tilre to both HTN and SEQ truncated. expressed the same antisera. The truncated antigens could be used
antigens (Table 4. sample 24). to differentiate anti-HTN and anti-SLe clearl\ from

anti-P.UU antibodies, without one-was cros,,-reacti\it\.
as found in previous studies (Lec cvi i.. 19N5: Shcsh-

Discussion beradaran ct al.. 19M: Zoller c( a/.. 19'9: Gott , al..
1991). This result was expected. because the number of

The goal of this study was to develop a safe. simple and identical amino acids in the truncated compared to the
cost-eflective source of diagnostic antigen for HFRS. complete NP w\as reduced from greater than 60",, to
which wkas sensitive enough to detect a wide variety of approximately 30'( . Also, as expected. because the
hantalviruses and specific enough to differentiate among overall homology of th-e HTN versus SF0 antigen s

r serologically related viruses. Bacterial expression meets still 65% in the truncated NPs (as opposed to S2", in the
the first three criteria: safeytv. simplicity and cost. Unlike complete NPs). it was more difficult to distinguish anti-
authentic hantavirus antigens. which require contain- HTN from anti-SEe antibodies. Nevertheless. in man\
ment laborator, conditions for virus propagation. and cases. w\e found at least a twofold difference in ELISA
which are time-consuming and costly to prepare. E. cobt- titre betmeen the anti-HFTN and anti-SE(O sera.
expressed antigens can be generated rapidly. with One of the most sensiti\e tests available for serological
minimal containment, and scale-up should be readily differentiation among hantaviruses is the PRNT (Schmal-
attainable. We used the FLAG-I E. coli system to john ot al.. 1985). PRNT. of course. measures antibody
express hantaviral NPs as fusion proteins with an i reactivity with the viral enselope glycoproteins. G(1 and
amino acid peptide (FLAG peptide) and an Ornp A G2. both of which have neutralizini determinants
signal sequence sshich dictates secretion Into the bacterial (Arikawa t a!.. 1990). In contrast, our FLISA is based
periplasm. The resultant proteins were purified frotn only on antibodies reactive with the Nits of'these N iruses.
lysed bacteria by affinity chromatography with anti- Tile viral NPs are less subject to Imutoral inniutiuc
bodies to the FLAG peptide and. after purification, were response selective pressures than are the enselope
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Table 4. )if'rentiatt'on of human hantavtiruts mif'ctini.s bhi ELIS.4 ter.us
PRNT

F.LISA* PRNTI

E.colt-expressed antigen 'rru

Serum+' HTN SEO PUu Scrogroup 1-1TN SR) PIt.' Scrogro•lp

L.S. militar% personnel
I 256)0 40 < II0 HTN 256(0 40 < 10 fiUN

1- 640 < 10 < 10 HTN 640 0 10 HITN
14 640 s0 < 10 HTN 1280 320 \tI§ HIN
I ý ,640 41) < 10 HTN 320 10 40 ttrN
16 320 < 10 < 10 HTN 480) < 10 321) HTN
35 320 160 S60 HTN 81) < 10 \) HI N

Greecc
17 40 < 10 < 10) HTN 512 < 10 < I0 -HIN
Is 640 40 20 HTN 4096 64 256 HTN
19 640 80 40 HTN 160 < 10 40 HT.N

Sweden
20 < 10 < 10 3210 PUU 20 < I0 40 PUi
21 2)) < i0 160 PUU 10 10 NO PUL

Korea
2 2560 160 < 10 HTN 2560 640 40 HTN
3 320 < 10 < 10 HTN 2560 640 320 HTN

22 12X0 320 20 HTN > 40 < 101 xr HTN
23 1280( 80 80 HTN > 4)) < 10 Nt H]N
24 640 640 < I0 HTN/'SEO > 40 < 10 Nr HTN
25 64(0 40 < 10 HTN > 4)) < 10 Nt HTN
26 640 80 20 HTN . 40 < 10 NT HTN

Germany
7 20 < 10 320 PUU < 10 < 10 1024 PUU
8 20 20 160 PUU < 10 < 10 640) PUU

27 < 10 < 10 80 PLU >40 < 10 160 PULC
28 < 10 < 10 40 PUL < 10 < 10 640 PUU
29 81) 40 320 PUU 640 Nf 160) HTN
30 80 < 10 160) PUt 160 NI 160 PUU
31 2)) 20 40 PUU < 10 \T 1261) PuU
32 20 20 61 PUU 160 8) 640 PUU

Belgium
33 40 40 320 PUU 10 < 10 40 PUt
34 40 40 320 PUU < 10 10 320) PLU

Negative controls
4 < 10 < 10 < 10 < 10 < 10 < 10
0 < 10 < I0 < 10 < 10 < 10 < 10
6 < 10 < I0 < 10 < 10 < 10 < 10

9 < 10 < 10 < 10 < 10 < 10 < 10
!0 < 10 < It0 < 10 < 10 < 10 < 10
I I < 10 < 10 < 10 < 10 < 10 < 10

12 20 < 10 < 10 HTN < 10 < 10 < 10

ELISA titres were expressed as the reciprocal of the highest dilution of antisera resulting in an
A.4:, >_ mean of the negative control serum plus 3 s.n,

t PRNT titres are expressed as the reciprocal of the highest dilution neutralizing 50',, of
100 p.f.u. of virus.

:. Serum samples were obtained from HFRS patients residing in geographic regions listed.
s NT, No) tested.

Unable to determine.

proteins. This is reflected in the finding that the NPs of with PRNT by using sera from wild-caught rats. or from
hantaviruses share slightly higher amino acid identities HFRS patients. With the rat sera. the ELISA and PRNT
than do the envelope glycoproteins (Antic et al., 1992). differed in identifving five of 21 sera. Three of the sera
Thus. it is reasonable to assume that a diagnostic assay were from rats trapped in Belgium. and were identified as
based upon the viral NPs may be more likely to succeed anti-HTN by ELISA and anti-SEO by PRNT. The
in identifying distantly related hantaviruses, than would ELISA titres were all at least fourfold higher for HTN
an assay based on antibody reactivity to the envelope than for SEO, and one of the three was eightfold higher
glycoproteins. We compared our truncated NP ELISA by ELISA, but displayed only a twofold higher titre to
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SEO than to HIN hv PRNT. Aniother- serum, from a rat adapted for an [LISA designed to, detect a ý%idc varietx
trapped Iin the U.S.A.. had identical titres to HTN and of hant ax iruses tie. wtith aI Mixture ot'the truncated or
SEO by [LISA but a twofoid difl'erence by PRNT. The complete proteins) or ito idetttir serologicall% disttnct
last serum displaying, different results bx1ý PRNT and vitruses (i.e. %k ith indIN idual truncated proteinl.)
ELISA, w~hich was also from a rat trapped in the U.IS.A..
had a titre of 20 by ELISA ito both HTN and SEQ and References
a titre of 80 to Plil. There was no detectable PRNT titre
to aim of the three v iruses. Although laboratory finfection t) -x.C'i.Sn KNiiiJi\(5\xxtii.0

Z, & Vkill RI. A (1992) Conipari~omn ofthel deduced gcac pa 'da 4'

of rats with PLU U irus is possible. wild rats generally are Itile L- %I ti gea wnnla ht.'.r.e It aith/24.

not infected with this virus. It is possible that a cross- '

reactive viruts. different to any, of' the three protoiypes. Si Ii'ii tA low'. S 19901. ('Okd,~q pi1crric, olt he Si .tnd Iic Me

infected this rat. Without a v irus isolation, it is impossible genan-l 'cenient' ot" SR-) Ira'.. ýonjmimmui to athlci tuiix

for uIS to determine whether the ELISA reactiv ity of this agen~ts oft henioirhatgtc icxer %:kilh renial k.xndrowce I 1-1-,' 176.
114 124;

rat serumn indicates a natural infection, or whether the BR '. vtKKRk.i. N~o. it),M N--\',I Ri, A ,. lbit. I.\()\ t'.t(R

results indicate a false positive. C.-H.. VI tutMIxtS. J1 . MAt\..xT'x. II P\" I t'a- K , ())K R-Bi mx. \ N

jo Although there have been no reports of grene segmnent LUMii MR I x. J. 1980) Nephroaptitti '.PIdeIC11a delXecita: -
anifhee ill hank wix aln. td '. ralaeti. it dui lo,'a.' ol huitinal !!11cu ii::

reassortment occurring amiong serol o ica ~ distinct Ann/a iu!'.Ii. . 4

hanta vi ruses. either in the laboratory or in nature. it is (irt P.1 .1) oZt IA R, I. N AN(. S SIoionk' xxxti< R , liii I/. I K &

possible that infection of a rodent with more than one [ARAI.i (G. 119411 Anthiciiicit% tit hanta. ira'. IILCleCOd~P'.d prolcm-t
,:,preNxxed IinE . a/. I rio ReMwr hi 19. 1 1

hantavirus could lead to reassortant viruses. Such v iruses. iiim R. %I . [it i. H. 1), Ho.S N I Pto .. K & PIl %\i. I. R
Could not be accurately diagnosed by ELISA with our (1,891 IFagineering litbrid genes~ %xithaia tile ii'.e .4 relrmixt't

NP antigen. The good correlation between our [LISA cii/niets. gen ýp cin h\ owrl c\tenioniit. ijt, 77. 61 W's
KiItxxiRA.F.-. t.. A.C KOMAts I.. St (A) %%I X. K - *\RIKx .\\%

and PRNT (an assay dependent on M segment gene Si1l(.x S.. 'I. kk.o H.. AK %o. Y M..l/ ,i, K- . OA A . If iiiititti

products) would suggest that reassortants are not a N & 1.. iuxSA.WAx S. I 9S-31 Iolation ait' trn'. Caii111tt henioarrttaetx

makjor consideration with the samples we tested. Never- texer %kith renal xxndromxe (III- RSitihrough a cell culturc A.ei
.hipaili.'.a .Iali~rtti at Wt~e/i iil Se,i10, C (Oid )fi.'hqi 316. 1 21

theless. reassortant virLuses should not be discounted Ui Dt-. J~. W- Ssimit. G A. & J'fliNso\, K. \1I t95,44. Haniaaithkc
when diaernostic results are unclear. xiru'cs from doiextic rait' capiured Iin itic Initad Siate'. bit?1ant

Like the rat sera. results with sera from J-J-RS patients .Joilindii of Doajta at ediiaic ,and Ill etot. 33. 9142 'i'iNx

werethesam bvPRN an bvELIA i mot cses Li I. H. W.. LUi P. IW, & Joir~stt\. K, Mi 1ICl 19 kok.~iffii of diti
were te sam by PNT an by [ISA i mosteases etiogiaac :teeni of. Koreýan hienxrrhaignc te; Cr. Imiariwi ,t hit. tx

(three differences ottt of 35 examined). One of the three Diwaa..- 637. 298 31)2
diff~erences occurred among negative control sera. in that Ll 1 H. W-. FRI N(t 11 . R.. L-i I. P. W-. Bxi K, L *1 . List (im %- K.

Foiri ii R. S. 09814a). ()h'eaxaiiait on natural atnd tahar.iiar\
an [LISA titre of 20 was found to PU U. Another serum. intection ol radenis with the ctijatnicat avent at'Karean tteitarrltaeic

from Korea. displayed equivalent ELISA titres to SF0 t.wer Am4neri.-ai Jonamdl af i;.'pait .ledl~,oie an1d Ifii cia7, M4.
and HTN. but had an at least fourfold higher PRNT titre -447, U2.

LitI. H. W.. U o. 1P. W.. BAI K. L. J.. So\(i, C. K. & St i\(,. 1, x
to HTN than to SEO. The final differing result was with (198111). Intraspecitic trantisi'.nixi at- Iantaan wuNix C10eiiata' a,,cnt

a German patient's serum sample. This serum had a of Korean henlorrhaigic texer. Iin the rodent Apa.Ietim' aui.ariia,

lou rfold higher [LISA titre to PU U than to HTN. and A4ii,'ri~ian.Jaurmdlo Tro~pical Itot'in, t and /l1iwlt,;i 30. 11016 t111'
tO-1 H W.. BALxK- L. J. & JoitiNox. K. M Nt.I 952 Isolation at Hialitnmi

a fourfold higher PRN I titre to tvt IFN thain to IIL 0. 111 viruis. File etitoeolic aitents kit Korean hiemarrhag exet Cxc.iran kxild
this case. it seems reasonable that the ELIS.A was correct Urban rats. ,laiwaal at lhdo tiu.. JM.sa'as 146. 63N 644

in identifying the infecting agent as PUUJ. in that all of tLt I. P. W-. GIBBiS. C. (i J- G ik.D IK C. J,. & Y.A\ A~IIiARx., R I 9s55
Serot vpic classi ticalioin ot hzini aw use'. h\s Ind irect mm11itilit,-

the other samples from Germany were identified as fluare'scent ttntibokh and plaque reducioein nurliia testNs.r originating from PUU infections both by PRNT and Jouranal at (hnit ofIl it rorahjlaiti 22. 940 944

[LISA. Rossi. C.A-S( 11MM ItlIM C. S.. '10 i Js . M1 . & ~i INi . . W.
conclsion.we ameans gen- I 9 0). tDiatitstic potential lat hacutax i-us-expre~ssed InuCteCacaP'.d

Iicn clso.w have developed a iasof ge- proiein for haniaviruses. 4roic hnifa I iroiatio .xlp.i.. 11;' 2,S

crating quantities of antigen for diagnosing H ERS with Rt o. S. 1. .xii SAM Iz . FAititin. E. If . BRAMWxi R, L. S.

a bacterial system. Results obtained by [LISA using this Mi((oRisi K i. J. B. & ixin i liii; it. S. P (1491t. Mattaclan.it
.~~~ ~ ~ antibioidies lto three st rains at ta ni axi rses Ha ta. R 2 n

antiien compared* favour~aby with results obtained by IPuuntatal. Archi.ci at Iit alagi 119. 1 It.
PRNNT. Althotigh exquisitely sensitive. PRNT is not at S( IINIAiJ.OIVN. C S.. HA' `1%' S 1 F.i it)xiiti R). I .J.L \1 .h.i [)

practi':,al diagnostic tool for hantavirus infections. in that Liir. H. W.. ,oN BINsit~m I. U. H . BRi MNI R.KoRI Iitx.\Ki 1i. Mi

assays take from I to 3 weeks. are extremely difficult to VA.I wi -- A. T95F- Aninteni N N. Littcrpliex L.- ('o musesI R. ke D a1

perform and are not evm~ possible for all hant avi ruses. In ltentorrhagic le\ er xk all rena i\ xxidrante. .A;iet-ii' 227. 1041 1(044.

contrast. [LISA is a simple. established method for S( IMI )(Al lN C. S.. JI NN"(;.'~ GC B-. HA'.. k & [)Asi RN' MP I , J I.

diagnosis and is roUtinely used Iin field laboratories. The 1986) Cod inag xl ri eate of hie S .ielnane scgitent atfI iaaal it.,,iix

antigen described here is easy to prepare and can be S.MAJON C . S.. Si ONi AMA. K.. S. uiwA jo,.nx A. 1. & Bisiiop.
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